The Pacific oyster Crassostrea gigas is an important commercial species cultured throughout the world. Oyster production practices often include transfers of animals into new environments that can be stressful, especially at young ages. This study was undertaken to determine if a toxic Alexandrium bloom, occurring repeatedly in French oyster beds, could modulate juvenile oyster cellular immune responses (i.e. hemocyte variables). We simulated planting on commercial beds by conducting a cohabitation exposure of juvenile, "specific pathogen-free" (SPF) oysters (naïve from the environment) with previously field-exposed oysters to induce interactions with new microorganisms. Indeed, toxic Alexandrium spp. exposures have been reported to modulate bivalve interaction with specific pathogens, as well as physiological and immunological variables in bivalves. In summary, SPF oysters were subjected to an artificial bloom of A. catenella, simultaneously with a cohabitation challenge.
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suggests a physiological impairment through alteration of feeding-related processes. Overall, results of this study show that a short-term exposure to A. catenella combined with an exposure to a modified microbial community inhibited some hemocyte responses, and likely compromised physiological condition of the juvenile oysters.
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T 0 , three SPF oysters per tank at T 4 , and three SPF oysters and three field-exposed oysters per 184 tank at T 9 (n=9 per condition at T 4 and T 9 ). Analyses were conducted by qPCR according to 185 the methods specified in Table 1 . 186
Each reaction was performed in triplicate (OsHV-1 and total Vibrio quantification) or in 187 duplicate (V. aesturianus quantification). Each run included a no template control (water), a 188 positive control for OsHV-1 and V. aesturianus quantification and standards prepared by 189 successive ten-fold dilutions of stock solutions of OsHV-1 or V. aesturianus purified DNA. 190
The standard curve obtained was used to calculate the percentage of amplification efficiency 191 (% E) described in equation (1), which was between 85% and 110% for all analyses, and 192 quantification of the samples was determined by comparing Ct values. 193
(1) % E = (10 −1/a -1) × 100; with a = slope of the linear regression calculated from 194 Ct = f(log 10 of dilution). 195
The specificity of the PCR products obtained using the SYBR Green chemistry was checked 196 systematically with the melting temperature (Tm) value calculated from the dissociation 197
curve. 198
For total Vibrio, results were expressed as number of DNA copies mg -1 of wet mantle, upon 199 which statistical analyses were performed. Total Vibrio DNA copies mg -1 of wet mantle was 200 confirmed to follow a linear, significant relationship with total Vibrio DNA copies ng -1 total 201 DNA (Pearson product moment correlation, correlation coefficient=0.96, p<0.001, n=114). 202
Total Vibrio detection was considered positive when Ct<38, associated with a Tm 203 corresponding to Vibrio sp. DNA amplicon (81.5-83.5°C). Moreover, when the Ct was higher 204 than the Ct of the most-diluted standard, although sample was considered positive for total 205
Vibrio detection, quantification could not be determined and was thus estimated as 0. In A. catenella-exposed oysters, differences in measurements of PST accumulation regarding 243 challenge condition, field-exposure and sampling time were estimated with Kruskal-Wallis 244 test followed by NDWD post-hoc test. 245
Hemocyte variables first were analyzed with 3-way ANOVA to test effects of "time", "algal 246 exposure" and "challenge condition" and interactions. Then, when "time" was not significant, 247 this factor was removed from the analysis, thus data were analyzed over the entire experiment 248 with 2-way ANOVA followed by the LSD post-hoc test. When the factor "time" was 249 significant, 2-way ANOVA testing the effects of "algal exposure", "challenge condition" and 250 the interaction was performed at each sampling time, followed by the LSD post-hoc test. 251
When needed, data were transformed as log(X+1) or 1/X to meet normality of residuals and 252 homoscedasticity. Percentage data were transformed as Asin(sqrt(X/100)). Multiple 253 correlations were tested between PST accumulation, total Vibrio burden and hemocyte 254 M A N U S C R I P T A C C E P T E D Over the entire experiment, bacteria related to the Vibrio Genus were detected in the mantle 273 of 93 ± 3% of the oysters. 274
At T 0 , a significantly (p<0.05) higher mean amount of total Vibrio DNA was detected in 275 mantle of field-exposed oysters (2.5 ± 0.8 × 10
3 DNA copies mg -1 wet mantle, n=10) 276 compared to SPF oysters (2.6 ± 1.0 × 10 2 DNA copies mg -1 wet mantle, n=24) ( Figure 2 ). 277
After 4 days, no significant difference in total Vibrio DNA quantification was detected 278 between unchallenged and challenged oysters, exposed to H. triquetra or A. catenella (4.3 ± 279 0.7 × 10 2 DNA copies mg -1 wet mantle, n=36) ( Figure 2 ). 280
After 9 days, no significant difference in mean, total Vibrio quantification was detected 281 between algal exposure, challenge condition, or field-exposure, although total Vibrio load 282 tended to remain higher in field-exposed oysters (1.3 ± 0.7 × 10 3 DNA copies mg -1 wet 283 mantle, n=18) compared to SPF oysters (both unchallenged and challenged) (4.8 ± 1. No PST was detected in the digestive glands of oysters exposed to the non-toxic 291 dinoflagellate H. triquetra, challenged or unchallenged, at both T 4 and T 9 . 292
After 4 days, PSTs were detected in the digestive glands of A. catenella-exposed oysters, and 293 no significant difference was detected between challenged and unchallenged oysters (1.3 ± 294 0.1 × 10 3 µg STX kg -1 wet digestive gland; n=24 per condition). After 9 days, however, 295 challenged oysters (9.5 ± 1. 7× 10 2 µg STX kg -1 wet digestive gland; n=24) accumulated 296 significantly less (2.6-fold) PSTs than unchallenged oysters (2.5 ± 0.4 × 10 3 µg STX kg -1 wet 297 digestive gland; n=24) ( Figure 3) . 298 299 3.5 Hemocyte variables 300
Statistical effects of algal exposure (A. catenella or control H. triquetra) and challenge 301 condition upon hemocyte variables of juvenile Crassostrea gigas are reported in Table 2 and 302 represented in Figure 4 . When a significant effect of time of sampling (T 4 and T 9 ) was 303 detected, results were examined at T 4 and T 9 , otherwise, results were considered over the 304 entire course of the experiment. 305
The 2-way ANOVA revealed that total hemocyte count (THC) and agranular hemocyte count 306 ( Figure 4A) were significantly impacted by the interaction of both algal exposure and 307 challenge condition, and granulocyte count was impacted by both factors "algal exposure" 308
and "challenge condition". Post-hoc test tests indicated that THC, granulocyte and agranular 309 hemocyte count were significantly higher in A. catenella-exposed oysters compared to oysters 310 exposed to the control dinoflagellate H. triquetra. Additionally, these variables were higher in 311 challenged oysters compared to unchallenged oysters only when exposed to the control 312 dinoflagellate H. triquetra. In A. catenella-exposed oysters, however, measurements of these 313 variables were not higher in response to the challenge. 314
Exposure to A. catenella and the challenge condition led to significantly higher ROS 315 production in hemocytes ( Figure 4B ) and to higher granulocyte internal complexity ( Figure  316 4C) during the entire experiment; and to higher granulocyte size ( Figure 4D ) after 4 days of 317 experimental treatment. After 9 days, however, only the effect of challenge condition 318 persisted upon granulocyte size ( Figure 4D ), which was significantly higher in challenged 319 oysters compared to unchallenged oysters. 320
Interaction of both algal exposure and challenge condition significantly impacted agranular 321 hemocyte internal complexity ( Figure 4E ) and size ( Figure 4F ) over the entire experiment. A. 322 catenella exposure led to higher agranular hemocyte complexity and size. Additionally, in 323 oysters exposed to the control dinoflagellate H. triquetra, the challenge condition increased 324 these variables. In A. catenella-exposed oysters, however, measurements of these variables 325
were not higher in response to challenge. 326
Finally, after 4 days of experimental treatment, a significant synergistic effect was detected 327 with the interaction of both A. catenella exposure and challenge by cohabitation with field-328 exposed oysters, causing 5-fold increase in mortality of hemocytes ( Figure 4G ) (both 329 granulocytes and agranular hemocytes, with respectively 23 ± 6 % and 8 ± 2 % mortality in 330 granulocytes and agranular hemocytes of challenged oysters exposed to A. catenella vs. 331 respectively 6 ± 2 % and 1.2 ± 0.3 % mortality in granulocytes and agranular hemocytes of 332 M A N U S C R I P T
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oysters in other experimental conditions). After 9 days of experimental treatment, however, 333 no significant differences between experimental treatments in hemocyte mortality was 334
detected. 335
Correlations between PST accumulation, total Vibrio burden, and hemocyte variables over the 336 entire course of the experiment (T 4 and T 9 together), according to experimental conditions, are 337 presented in Table 3 . In unchallenged oysters exposed to A. catenella, PST accumulation was 338 negatively correlated with complexity and size of agranular hemocytes (p<0.05). In 339 challenged -A. catenella-exposed oysters, PST accumulation was positively correlated with 340 granulocyte complexity (p<0.05). 341
At T 4 , hemolymph was successfully withdrawn from 66% of the experimental oysters, 342 without any significant experimental differences. At T 9 , a significant difference (p<0.05) in 343 the ability to withdraw hemolymph was noted between conditions. Indeed, although 344 hemolymph was successfully withdrawn from 83% of the unchallenged oysters exposed to H. hemocyte diapedesis across the digestive epithelium. A hypothesis that hemocyte diapedesis 375 eliminated toxins from the tissues towards the lumen of the stomach and intestine to be 376 expelled within the faeces has been proposed [30, 60] . 377
Exposure to A. catenella also led to higher hemocyte counts, ROS production, and size and 378 complexity of granulocytes in the circulating hemolymph which were not related to PST 379 accumulation (no significant correlation). These results highlight that effects of A. catenella 
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Increases of both granulocyte size and internal complexity (ie. granulation) was observed in 395 this study; whereas, other studies reported an opposite pattern, with hemocyte degranulation 396 and size decrease upon Alexandrium fundyense and Alexandrium minutum exposure in 397 mussels and adult C. gigas, respectively [30, 36] . Those discrepancies may be attributed to the 398 use of different algal strains with different toxicity (from PSTs or extracellular compounds), 399 bivalve species, or bivalve age. These morphological changes may be associated with immune 400 functions, as granulocytes are the main hemocyte sub-population involved in immune defense 401 Overall, oyster health status seemed to be affected after 9 days of both cohabitation challenge 505 and A. catenella-exposure, as also suggested by the difficulty to withdraw hemolymph from 506 57 % of these oyster groups (as opposed to 17 % in the control group). In different 507 laboratories, such difficulties to withdraw hemolymph were recurrently noticed from bivalves 508 infected with pathogenic agents or exposed to toxic dinoflagellates and were assumed to be 509 Table 2 Statistical effects of "time" (4 or 9 days of experiment), "algal exposure" (toxic Alexandrium catenella or control Heterocapsa triquetra), "challenge condition" (challenged by cohabitation with field-exposed oysters or unchallenged) upon hemocyte variables of juvenile oysters Crassostrea gigas, either over the entire experiment ("T 4 + T 9 ") when no significant effect of "time" was detected, or, when significant effect of "time" was detected, after 4 days of experiment ("T 4 ") and 9 days of experiment ("T 9 "). NS: No significant difference; Significant difference indicated by *: p<0.05; **: p<0.01; **: p<0.001 (3-way ANOVA including factor "time"; 2-way ANOVA excluding factor "time"); 
